We study the phase structure of SU(2) gauge-Higgs model in two dimensions using lattice simulations. We show the result for the plaquette expectation value, static potential, and W propagator. Our results suggest that a confinement-like region and a Higgs-like region appear even in two dimensions. The behavior of the plaquette expectation value is consistent with a smooth cross-over in accordance with the Fradkin-Shenker-Osterwalder-Seiler theorem. In the confinement-like region, the static potential seems to rise linearly with string breaking at large distances, while in the Higgs-like region there seems to be a massive behavior which means that the BEH mechanism occurs. The correlation length obtained from the W propagator has a finite maximum between these phases, which supports no second-order phase transition. Based on these results, we suggest that there is no phase transition in two dimensions.
Introduction
The Brout-Englert-Higgs mechanism (BEH mechanism), where the gauge boson becomes massive due to gauge symmetry breaking, is a common phenomenon extending from particle physics to condensed matter physics [1] . In a superconductor, the Abelian BEH mechanism, known as the Meissner effect, occurs and in the standard model, the non-Abelian Higgs mechanism occurs.
The Higgs phenomenon on lattice has also been studied from the perspective of the confinementHiggs behavior [2, 3, 4, 5, 6, 7, 8, 9] . In the SU(2) gauge-Higgs model, the confinement-like region and the Higgs-like region appear in four dimensions, which may be connected analytically according to the Fradkin-Shenker-Osterwalder-Seiler theorem [2, 3] . A characteristic behavior in the confinement-like region is that the static potential between the colored charges rises linearly until string breaking by pair production, while in the Higgs-like region it is of Yukawa type with a massive gauge boson [6, 10] .
The case of two dimensions is of interest from the theoretical viewpoint. Because of the Coleman theorem and the Hohenberg-Mermin-Wagner theorem [11, 12] , Nambu-Goldstone bosons do not appear and phase transitions do not occur. However, in the Higgs case, the Nambu-Goldstone bosons are absorbed by the gauge bosons and thus there are no massless bosons and these theorems do not apply.
In this contribution, we investigate the phase structure of the SU(2) gauge-Higgs model in two dimensions numerically. We show the gauge-invariant quantities such as the plaquette expectation value, static potential and W-propagator.
SU(2) gauge-Higgs model on lattice
The lattice action of the SU(2) gauge-Higgs model with the fixed length of the Higgs field is given by
with U µ (x) ∈ SU (2)(µ = 1, 2) the link-variable for the gauge field, U P ∈ SU (2) the plaquettevariable, and φ (x) ∈ SU (2) the Higgs field of the frozen length. This action, with frozen length of the Higgs fields, is formally derived from the SU(2) Higgs-Kibble model,
with ϕ(x) = t (ϕ 1 (x), ϕ 2 (x)) in the SU(2) fundamental representation. By rescaling ϕ(x) by ϕ(x) = γ 1/2φ (x), and taking the limit λ ′ → ∞ with fixed γ, this action formally reduces to Eq.(2.1) with the SU(2) matrix,
In these models, the BEH mechanism occurs at the classical level, although whether it really occurs or not depends on β and γ [2, 5, 6, 8] .
Plaquette expectation value
We show the plaquette expectation value to investigate if a phase transition appear or not. The plaquette expectation value is given by
with U P the plaquette-variable.
In Fig.1 , we give the two-dimensional result at β = 7.99 and 120 on 256 2 . The plaquette expectation values at both β = 7.99 and 120 increase smoothly with increasing γ in the region 5 < ∼ γ < ∼ 9 in contrast to the gauge-dependent order parameter [9] . We also investigated the volumedependence for several values of γ between 256 2 and 512 2 lattice and no difference was found.
When we compare β = 7.99 with β = 120, the behavior of the plaquette expectation value seems to become smooth as β increases and thus a transition might not appear in the region of β > 7.99. In fact, if we take the limit of β → ∞, we find U P → 1, corresponding to a pure gauge.
In this case, after gauge transformation, the action corresponds to the two dimensional Heisenberg model, where a transition does not appear.
Furthermore, according to the Fradkin-Shenker-Osterwalder-Seiler theorem, no transition at small β appears for gauge-invariant quantities. Therefore also in the region of β < 7.99, there might not be a transition, but a smooth cross-over. This is consistent with the recent work of Cubero and Orland [22] , who find that there is no symmetry-breaking Higgs phase in the continuum theory. 
Static potential
In two dimensional pure Yang-Mills theory, the Wilson-loop potential is exactly linear. On the other hand, if the BEH mechanism occurs, the potential behaves like In FIG. 2 , the potential at γ = 2 shows the linear potential and the string breaking at r/a ∼ 20, while the potential of γ = 8 does not show the linear potential, but behaves like −e −mr . Thus γ = 2 corresponds to confinement-like region and γ = 8 corresponds to Higgs-like region. Furthermore because of string breaking, the difference between the regions may be quantitative (though strong), which indicates that these regions are connected analytically. The fit results support the appearance of these regions. At γ = 2 a finite string tension appears, which indicates the confinement-like region. Though the mass parameter m does not seem to be small, the prefactor A is small. Therefore the first term in Eq. (4.2) is negligible compared with the second term σ r. At γ = 8, the string tension σ is almost 0, which means that the potential does not show a linear slope.
W propagator
Finally, we show another gauge-invariant quantity, the W propagator, defined by
where
with τ a SU (2) generator. Note that the W field is gauge invariant and the effective mass for the transverse part of the W field corresponds to the two-dimensional analog of a 1 − state [6, 8] , which is a singlet state with negative parity. This propagator coincides with the gluon propagator in the unitary gauge, φ (x) = 1 and thus it is easily calculated. The effective mass of the W field is estimated from the linear slope of the logarithm of the propagator at zero-spatial-momentum,
with the two dimensional volume V . The effective mass of the transverse part is given by D 0 11 (t) and that of the longitudinal part is given by D 0 22 (t) [19] . In this contribution, we estimated only the transverse effective mass. We show D 0 11 (t) on 256 2 lattice at β = 120 and γ = 2, 4 and 8 in FIG. 3 . The logarithm of these zero-spatial-momentum propagators seems to be almost linear or convex upwards, which indicates the preservation of the Kallen-Lehmann representation, in contrast with the gluon propagator in other gauges like the Landau gauge and MA gauge [20] . In particular, the two dimensional gluon propagator in the Landau gauge shows remarkable violation of the Kallen-Lehmann representation and goes to zero at zero momentum [9, 17, 18, 23] .
In 
Summary
We have shown the numerical result of the two dimensional phase structure in SU(2) gaugeHiggs model. We have carried out the Monte Carlo simulation and calculated gauge-invariant quantities such as the plaquette expectation value at β = 7.99 and 120, static potential and the W propagator at β = 120.
The plaquette expectation value shows a smooth cross-over between confinement-like region and a Higgs-like region at β = 7.99 and 120 which is consistent with the Fradkin-ShenkerOstervalder-Seiler theorem. It indicates no phase transition in two dimensions. The static potential shows a linear rise and string breaking at γ = 2, and behaves like a two-dimensional Yukawa potential at γ = 8. The effective mass of the W propagator in lattice units has a minimum at γ ≃ 5 which does not go to zero with increasing volume. These results support that there is a BEH mechanism in the region of γ > 5 and a confinement-like region and a Higgs-like region appear even in two dimensions.
